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STRUCTURE-ACTIVITY RELATIONSHIP IN NONSTEROIDAf 
ANTIIKPLAMMATORY AGENTS, INCLUDING QSAR IN PENAMATE 
DERIVATIVES 

H, Bekemeier, R. Bohm, V. Hagen, £. Hannig. H.^. Henkel, 
R. Hirschelmann find U, Wenzel 

Department of Pharmacology Section of Pharmacy, Martin Luther 
University Halle -vattenberg, and Institute for Pharmacological 
Research of the Pharmaceutical Industry, Berlin, G. D. R. 

The present conceptions of the relationship between chemical 
structure of the nonsteroidal antiinflammatory agents (N3A) on 
the one hand and of the respective receptor for the anti- 
inflammatory action on the other hand are still relatively 
rough and little uniform. This shall be demonstrated by 3 
examples : 

I. Conceptions of the receptor have been developed ucin^- the 
chemical structure of the most effective NSA, e. g. of 
indomethacin by Shen ( 1 ; Pig. 1) . 4ccordingly , the'carboxyl 




Pig. 1: Receptor model according to the chemical structure of 
indomethacin ( 1 ^ 
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group is bo\md at an anionic binding site of the receptor, the 
indol ring and its m thyl and methoxy group correspond with a 
flat area and the respective supplementary binding sites, and 
the p-chlorobenzoyl moiety is placed in a shallow trough so 
that the p-chlorobenzoyl moiety is tvvisted against the indol 
ring system and in an angular position to it. This torsional 
and angular position of the second ring holds also true for 
other acidic NSA (Pig, 2). In diclofenac e. g.. the angle 




indomethacin diclofenac 



Pig. 2: Chemical structure of flufenamic acid, phenylbutazone, 
indomethacin, and diclofenac, resp., showing the 
torsional and angular position of the aromatic 
substituent (2) 
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amounts to 69° (2), Therefore, the conceptions of the receptor 
are also compatible with these substances. The higher the 
chemical conformity between NSA and receptor the better the 
activity of the compound. 

At present, the predominant opinion is that the receptor of the 
acidic NSA is represented by the cyclooxygenase which catalyses 
the biosynthesis of the prostaglandins. 3y interference of the 
acidic NSA with the receptor, the natural substrates of the 
cyclooxygenase cannot be converted into the prostaglandins and 
the respective endoperoxides. The most important natural 
substrate seems to be the arachidohic' acid. 

Gund and Shen (3, 4), on the Taasis of X-ray analysis of NSA and 
of computer estimation of the probable conformation of the 
substrate arachidonic acid, have recently improved the oonseptiais 
of the chemical relationship between stz^cture of NSA and their 
receptor.. According to that (Pig. 3), the anionic binding site 
is followed by an ample hydrophobic site or pocket, at which 
upper part the a 5 double bond pf the arachidonic acid is 
apparently hydrophobically fixed, only'. In its lower part, the 
A , A , and double bonds are bound at three respective 

electron acceptor regions. The abstraction of hydrogen at C-13 
of the aracliidonic acid as the initial result of interaction 
with the receptor takes place from below, the following uptake 
of oxygen at C-1 1 occurs froia above the plane. Besides 
indomethacin, the NSA sulindac fits well with this receptor 
model (4) • 

However, the fitting of the salicylates,, fenamates, and 
pyrazolidinediones as well as of sudoxicam is rather poor. It 
seems important to emphasize that, in this model the carboxyl 
group of the natural substrate corresponds to that of the 
inhibitor. 
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S±g. 3. Receptor site of acidic Ha* constructed according- to 

the probable oonfonnatton of the substrate arachidonic 
acid (3, 4» slightly modified) 

2. using space-fillin« models of the perox, radical as the 
^cursor of the cyclic endopero^cide of the arachidonic acid. 

^IL^ ""^"-^ °^ 2(S)-(3-chloro-4-c,cloh«Qr:S.enyB' 

propionic acxd and oth r acidic cycloo^genase inhlbitorsT 
Appl ton and Brown (5) were able to disclos some common 
s^tural features. According to this, the peroxy radical of 
«»chid<mtc acid (Fig. f oxmula I) in its favoured con*»al. 
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immediat ly prior to its cyclisation (formula II) is most 
similar to the structure pf 2(S)-(3-chloro-4cyclohe3ylpheiiyi) 
propionic acid (formula III) as well as to that of indomethacin 
(formula IV), ketoprof en. r(f oiraula V), fenoprofen (formula VI). 
alclofenac (formula VII) , ibuprof en (fonaula VIII), and napraxm 
(formula IX), respect j^yely. The similarity mainly applies to 
the bold lines of the structures. The most striking difference 
to the conceptions of . Shen (1, 3, 4) consists in the fact that 
the carboxyl group of the NSA now coWesponds and, therefore, 
competes, with the peroxy group in position 11 of the peroxy 
arachidonic acid. Par* of the phenyl ring of lU^would occupy 
a IT electron acceptor- site of the receptor which is related 
to the tr system of 0^3 - 0^5 of the physiological substrate. 
The chlorine atom at the phenyl ring haq. that favourable 
position of disturbing the function of the peroxy group at ' 
position 15 at which oxidat^n of the fatty acid takes place 
(formula I). The cyclohezyl ring would occupy an. area of the 
ixzyme which normally fits to section - CgQ of chain of 
the fatty acid. The (S) -methyl substituent lies below the 
plane of the phenyl ring and would ;be accomodated by a ••groove" 
in the enzyme which normally accepts the region of of the 
physiological substrate. 

3. Recently, Peterson et al. (6,7) have again called attention 
to the chelate complex forming properties of some NSA. They 
have been able to suggest that indomethacin, ibuprofen. and 
tolmetin inhibit cyclooxygenase by binding at the cationic 
binding site which consists of one of the ligands of the iron 
on one side of the heme of ihe cyclooxygenase compLex aiii by binding 
at the hydrophobic region of the heme (Pig. 5). Accordingly , 
acid USA do not in;teract with eye- ooxygenase itself but with 
its heme complement , (see 18, 19>. In this model, acid NSA do 
not interfere with the active site of the cyclooxygenas 
complex which is represented by ^the second ligand of the iron 
n th oth r Sid of the heme at 'which the iron bound to osQfgen 
Interacts with the doubl bond at On, i. . at the sit of^ 
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Hydrophobic Region 



Pig. 5: Interaction of arachidonic acid with heme, Cationic 
binding site refers to binding of the carboacyl group 
with Pe ligand below the plane of the porphyrin ring. 
Position 1 1 of arachidonic is linked to the second 
ligand of Pe^**" above the plane of the heme by the 
peroxy group forming the'peroacy radical. 

peroxy radical formation of the aracliidonic acid (Pig. 5). This 
is because » in contrast to arachidonic acid the acidic NSA,are 
too short and/or too rigid to wind stereochemically round the 
protoporphyrin ring in order to reach the second ligand site of 
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the iron. TJX, naa-oocupatlon of this second ll^and be the 

explanation for the inability of lndo»ethacin to InhiMt the 
feT" ^ «>4operoxide synthetase tnz^e 

r!aJir^;„°°r'"'"' """^^S""" P*""--* «i>ioh does not 
require the heme complement. - 

t^Tf. r ""^'l the conceptions of the 

2ne-struoture are little unifo«.. This »eana that the -custoa- 
made- synthesis of HSA with, perhaps, quantitatively and 
i^i^r "'^ properties is not yet poesifae. This »ay 

Q^^8 opti-i" "^own BS* by means ^ 

ofL. ' ^ ^'"^ *° effective congeners 

TJT "^f,°''°*'^'"*« *° "-"Pt" Of the chealcal struc^e o^ 

Tf riries!^ " "T"'- ^ — " - 

Materials and methoda 

The fenamic acid derivatives have been synthetized by Hannig et 
al. 113, 14). Their chemical structure is depicted in Table 1. 
They were tested in the carra^eenin rat paw edema at the dose 
of 100 mg/kg orally, except diclofenac (Ciba-Geigy AG. Basel) 
which was tested at the dose of 5 mg/kg. Carrageenin (sub- 
Plantarly O 1 ml of a 1 Viscari^ solution. Marine Coll. Inc.. 
Sprxngfield) and the test substance were given simultaneously. 
Inh^bxtion (%) of edema development was measured by comparison 
wxth a control group at hour 2, 3. and 4.resp.. after carrageaoin 
xnjectxon. Usually 10 rats were used per group. Data are taken 
only as the mean of the respective group. 

The physico-chemical param ters of 7r, E^. <y, log^r , mr. MV 
parachor and Verloop's constants are taken from th literature 
or hav . be n calculated according to th respective iisttuctions. 



BNSOOCID: <XP 2063e35A_«_> 



Nonsteroidal Antllnflananatory Agents 



25 




&c 3 r« ejo 

r-i m d <D 
OJQ > U 

o 

CD Pi -H o 
0) ©+> f< 
-H G> 

•H 05 -H CD 



4:5 

• 

• 



fj%^ ^ CO ^ inr^ ^ t- CM CO in Q o 



CD 

4* 



LfMOvO t*-VD cOvo r- inrMfx 



vD CM t^^i*%o CO inr^^o o 

^VO ^VX> CM t— ^t—vo CM ^CM 



4» 
CD 

§ 

o 

CD 

O 
O 



CTt CO vO 



in^ in 



S f2 ^ o o o VO CO cn 



CMcn 



*r* >t! *rj 

^ W iH O O O r-l rH r~r 

O W O O Cj) o o w W W C^ Cj> ^ Y 
^voCMr^^ r^^in^ 



OJ 

11^ 



T- 



g3 



CM r*\c^CM 



CMC*\^CMCMCMf*\^r^'^€MCM 



^ — ^ ^ ^ ^ WWW wwwwwwwwwww 
&:a:w w w wwoogpo^i;?or^ — — — 



CM f VO CO 
"^^CMCMCM 



w 

wow WW 



f^r«^c*W W 
- W W O 



W W WOOp^ 



>oc>BBo o 



i 

o 



ooowooooooo 00 O Q 

00000000000000 



800Q0 
0000 



800000 
^ 00000 
0(000000 



^ CMf^^invo r—oo C7NO cm r^^i 



tn <o 



T-^t-CMCM 



u 
o 

3 



in 
o 



O 



o 



CO 

a 

o 

•H 

-I* 
05 
rH 

o 

•H 
05 

O 

i 

<D 

Si . 



o § 



w 




BNSDOCIO; <XP_20e3635A_L> 



26 



Bekeneier et al. 



Results 



The edema inhibiting activity of the substances at hour. 2 3 
- and 4 after carrageenin infection as well as their total acti^ 

Z T^bl!T ""l^Z ^^^^i^io- at hour 2. 3. 4, are listed 

in Table 1. Pxrst, the relationships between physico-chemical 
constants and biological activity are depicted in simple graphs. 
In Pig. 6. an example is given of the relationship between tr 
and lvalues, respectively, and total activity (i^ parentheses 
next to the code of the respective substance). 

According to Pig. 6, the total activity (2 act.)' increases with 
the increase of ITin the series of the 3-substituted compounds. 
The fluf enamic acid exhibits as the best compound in this 
series. Above all. <rdoes not show any characteristic 
correlation with the biological activity. The activity of the 
chlorine derivative decreases if the compound is additionally 
chloro-substituted in 4-position. The 4Haonosubstituted OCH 
and COOH derivatives show also little antiinflammatory activity. 
Likewise, mono substitution of the 2-position seems not to be 
of advantage (see the 2-Cl, 2-OHC3, and 2-COOH compounds). This 
could point to an influence of the position of the substitution. 
However, substitution in both 2- and 4-position is generally 
not unfavourable in the case of disubstitution. since the 3- 
chloro-4-inethyl derivative and the 2.3-dimethyl derivative 
(mef enamic acid), respectively, are as effective as the 3- 
fluoromethyl derivative (fluf enamic acid). This could be 
connected witb the negative ^-effect of the methyl group in 
presence of the considerably positive IT-eff ect of the contiguous 
group. The 2.substitution also implies high effectivity in 
diclofenac. Altogether, the antiinflammatory activity increases 
with the further increas of lipophilicity . as is shown by the 
2,3-dichloro derivative and by diclofenac. 

Starting from the fluf enamic acid as one of the best compounds 
introduced into the market, one can hardly deduce a proposal 
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being noteworthy for the synthesis as a new compound which 
could he expected to be superior to the 2.3-dichloro derivative 
V.'hile. according to Pig. 6, the SCP3 and 3P substituents do 
not show essentially better TT- and (T-values, the CP_CP^ 
substituent only e^ibits better physico-chemical parleis and, 
therefore, could give expectation of leading to a more active 
compound than being those which have been tested. As to the 
possibility of coming to substances of higher ef f ectivity by 
synthetizing disubstituted compounds it has to be mentioned lhat 
the synthesis of this kind of compound* with two electron 
withdrawing substituents in close vicihity cannpt be made 
without greater trouble (15). Thus, the graph, of Pig. 6 results 
in the conclusion that the optimization in the series of the 
compounds in question seems practically have come to an end. 

In order to more precisely/clear up this question, a QSAR has 
been performed. Por this, we used both the multivariate and 
univariate Hansch Analysis (16 - 17). In this connection the 
suxtability of f, being recently introduced as a new physico- 
chemical parameter in QSAR (9). has also been reinvestigated. 

The first problem was the question the r-values of which basic 
body would fit beat xr±th the fenamates. For this, the z^pecti* 
ir-valuea of benzene, phenol, aniline, phenyl acetic acid, and 
phenoxy acetic acid were included in the QSAR. As can be seen 
from the correlation matrix (Table 2), the values of phenoxy 
acetic acid fit best with the biological data. By the way, the 
coefficients related to phenol, aniline, and phenyl acetic acid 
(not given in Table 2) were between those related to benzene 
and phenoxy acetic acid. This could mean that substitutions at 
an acidic phenyl basic body are more effective than substitut- 
xons at the benzene. ring. Ind ed, the basic structure of 
fenamates is that of an acidic phenyl basic body. In any case 
the ir-values of the phenoxy acetic acid are then preferentially 
used on th QSAR. Possibly, the methoxy group of liie anthranilLc 
acid moiety has an absorption inhibiting influ nee which is 
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mainly valid during the first hours but is then receding so 
that the total activity seems not to be reduced. This could b 
indicated by the negative dumfiny variable decreasing with time 
(Table 2). 

Table 2; yx correlation matrix of QSAR, concerning T-values of 
substituents at different basic bodies as well as the 
dummy variable 



y 


benz 


phoxac 


phac 


duxmqy 


2 h 


0.4152 


0.4390 


0.3782 


-0.4917 


3 h 


0.5247 


0.6206 


0.6153 


-0.4212 


4 h 


0.2969 


0.5934 


0.4262 


-0.3156 


QU 


0.4763 


0.5633 


, 0.5548 





Altogether, sixteen approaches to the QSAR has been performed 
using 1 - 4 biological and 3 - 19 physico-chemical parameters, 
respectively, with 7 - 21 objects. As had to be expected, the 
use of a large number of physico-chemical parameters gave 
relatively high correlation coefficients (up to r = 0.973) but 
without any statistical significance. However, in all cases a 
dominating influence, of TT was indicated which is in line with 
the results obtained from Pig. 6, 

Using the antiinflammatory activity at hour 2 after treatment 
only, and TT, log fand Verloop's constant as the physico- 
chemicea parameters of the 4-substituted derivatives the 
following equation as one of the best ones was obtained: 

In A (2. h) = 0.57ir + 0.0107 log f - 0.647 + O.619 

r = 0.928 n = 7 

unexplained share: 13.9 % 
According to the equation, biological activity depends mainly 
onT. The contribution of f is only weak, fis a parameter being 
medial b twe en hydrophobic sind electronic pstrameters (9). The 
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contribution of in the equation can be regarded as to be 
almost constant since the B.-values of CH3, Br, CI. CP,, and 
GPgCF^ are all in the range of 1.52 - 1.98. 

Usin^ the Hansch Analysis with its classic parameters for the 
19 potential fenamates, no significant correlation oorfficients 
for the antiinflammatory activity at hour 4 could be obtained 
The best equations for the antiinflammatory activity at hour 2 
and 3, respectively, are the following ones: 

log A (2. h) = 0.214 (i0.135)2T-. 0.375 (± 0.299)£<5' 
-0.142 (+0.008)Se,+ 1.148 C± 0^192) 
r = 0.810 s = 0.176 si^. = 99.9 % 

log A (2. h) ^ 0.130 (i0.137;2T- O.I69 (+ O.IOOXE* 
+1.069 (+0.212) ' ~ 

r = 0.702 8 = 0.207 sign. = 99.6 % 
log A (3. h) = 0.287 (± 0.l62)nr - 0.218 (+ 0.358)^<r 

-0.112 (+ 0.105)£^+ 1.077 (± 0.230) 
r = 0.763 s = 0.211 sig^. = 99.6 % 

log A (3. h) = 0.238 (+ 0.143)5ir- 0.214 (± 0.105)£E, 
+1.032 (+ 0.221) 
r = 0.733 s = 0.215 sign. = 99.8 % 
log A (Zact.) =0.224 (+ 0.135)Xir- 0.199 (+ 0.298)2<r 

-0.109 (+ 0.087)ZEs + 1.608 (+ 0.I9I) 
r = 0.766 3 = 0.175 sign. = 99.7 % 

log A (2act.) = 0.179 (+ 0.120)£'ir- 0.120 (+ 0.088)£E, 

+1.567 (+ 0»185) 
r = 0.729 s = 0.181 sign. = 99.8 % 
V/ith regard to these equations, it has to be emphasized that . 
the standard deviation of tte coefficient of ^ is rather high. 
It only exceeds the 90 % significance level in the first given 
equation. Therefore.^ should not be applied to the Interpretatioa 
although the total significanc of the equation is improved by 
it. Thus, the 2-parameter equations withXirand£B should be 
preferred. Both the negative coefficient of T and the positive 
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coefficient of indicate that more hydrophobic and voluminous 
substituents should improve activity. Surely, an optimum of 
hydrophobicity is to be expected although no significant 
quadratic term could be detected. The 2-methoxy group at the 
first aromatic ring proved to be without any influence on anti- 
inflammatory activity in these calculations. According to 
special repression calculations, no preferred position for 
substitutions at the second ring could be found. 

The approach could certai«j.y be improved by usin^ ED5Q values 
instead of values of percent inhibition at different times. 

Prom the equations given above, the conclusion can be made that 
the antiinf lammatoryv activity of the f enamates shoiad be 
improved 

- by triaikyl, trialkoxy or trihalogen substitution at the 
phenyl ring not bearing the COOH group; also tetra or penta 
substitutions^ could be pf advantage, 

- by di-(tri-, tetra-) substitution of longer alkyl or alkpsy 
moities. 

This is in good agreement with the results obtained by Pig. 6 
but represents also a certain extension of the results. 

Thus, in comparison to Pig. 6, QSAH has not dramatically alduced 
new knowledge of a deeper and/or a more comprehensive insight 
into the present substance series concerning its ontimization. 
Surely, this is partly or even mainly due to the fact that the 
substance series did not particularly fit well with the QSAR 
analysis used because derivation refers to a few substituents 
at several positions of the basic molecule. In that case, other 
methods have to be used which to a higher degree take into 
account the position of substitution. 

However, with regard to the Pr e-\7ilbon Analysis, substituents 
mostly determiiied by one equation only in the series of the 
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19 pot^tial fenamate derivatlvee. In that case, calculations 
mst be ejected to merely give statistically nonsignificant 

and, therefore, trivial results. Thus, no respective 
calculations were performed. 

The results obtained by QSAH are compatible with the above^ent- 
.oned receptor concept according to Which the carboy ™ 
Of the acidic HSA binds with an anionic binding sitrLfa 

rtr^ii":^^^ r^"' -et, bmds^th » 

li»»nh.i r ! receptor being here dependent on *s 

lipophalxcity of the substituents and, therefore, ot the 
compound. The question of an unl,uely existing optimum fine- 
structure Of the fenamates as well as of the capability S 
chelate complex formation with the heme iron of the cyclo- 
oxygenase complex cannot be answered by our results. 

Sxmmary 

First, it is Shown that it is not yet possible to outline a 
generally valid receptor model for the non-steroidal anti- 
inflammatory agents. This is demonstrated by three examples of 
receptor models, namely by the model according to Shen, by the 
receptor concept of Appleton and Brown, and by the concept 
concerning chelate complex fox»eti6n between USA and heme iron 
of the cyclooxygenase complex according to Peterson et al. This 
means that the "custom-made" synthesis of HSA with, perhaps, 
possible!'"'^ qualitatively better properties is not y^t 

°' statement. Q3AR investigations ma, be 

justified in order to optimize known H3A, In this paper. QSAR 

b^in: °° derivatives are ^eporteT ^o.^s. 

both the multivariate and the univariate Hansch Analysis iveT 

t^Of^*"-. 16 -PP"-hes to Q3AR has been per^:^:,; 
UBHie 1 - 4 biological and 3 - 19 physico-chemical parameters 



8NSDOCID: <XP_2063e35A_I_> 



nonsteroidal Antlinfl 

Agents 

33 



respeptxvel,. ^th 7 - 21 ob.lacts. In all caaes a dominati^ 
influence of has been Indicated. Other physico-chemical 
parameters seemed to be of lees importance, e. g..^. B loef 
MR, HV, parachor. and Verloop's ateric conetanta. PosaiMe nl^ 
fenamate structures of higher biological activity are briefly 
als cussed. 
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